We report the discovery of two transiting extrasolar planets by the HATSouth survey. HATS-9b orbits an old (10.8 ± 1.5 Gyr) V=13.3 G dwarf star, with a period P ≈ 1.9153 d. The host star has a mass of 1.03 M , radius of 1.503R and effective temperature 5366 ± 70 K. The planetary companion has a mass of 0.837 M J , and radius of 1.065 R J yielding a mean density of 0.85 g cm −3 . HATS-10b orbits a V=13.1 G dwarf star, with a period P ≈ 3.3128 d. The host star has a mass of 1.1 M , radius of 1.11 R and effective temperature 5880 ± 120 K. The planetary companion has a mass of 0.53 M J , and radius of 0.97 R J yielding a mean density of 0.7 g cm −3 . Both planets are compact in comparison with planets receiving similar irradiation from their host stars, and lie in the nominal coordinates of Field 7 of K2 but only HATS-9b falls on working silicon. Future characterisation of HATS-9b with the exquisite photometric precision of the Kepler telescope may provide measurements of its reflected light signature.
INTRODUCTION
Our current understanding of the structure and orbital evolution of extrasolar giant planets has been, to a large degree, informed by the characterisation of transiting planetary systems. Besides the determination of the planet radius, true mass, and bulk density, follow-up studies of transiting extrasolar planets (TEPs) allow the extraction of valuable information, like the spin-orbit angle and the properties and composition of the planetary atmospheres, that are not be easily recovered unless the orbital plane is favourably oriented such that the planet eclipses its host star.
Detections of giant TEPs, mostly driven by transiting ground based surveys like SuperWASP (Pollacco et al. 2006) and HATNet (Bakos et al. 2004) , have revealed a large number of systems in the region of parameter space with R p >0.8R J , M p >0.4M J , P<5 d and FGK-type host stars. The measured properties of these systems, coupled with subsequent follow-up studies, have been fundamental for testing formation and interior models of these giant planets, which are known as hot Jupiters.
New ground-based transiting surveys like HATSouth ) have been designed with the goal of expanding the parameter space of well characterised TEPs by detecting planets with smaller radii (R p < 0.4R J ) and/or longer periods (P > 10 days). In the process of searching for these kinds of planets, new hot Jupiters are detected which contribute to enlarging the sample of known systems. Even though many hot Jupiters are already known, more are still needed to make headway into understanding their physical properties, e.g. a firm understanding of the mechanism that causes son hot Jupiters to have inflated radii (e.g. HAT-P-32b and HAT-P-33b Hartman et al. 2011) .
New planet discoveries around bright stars, accessible by follow-up facilities are especially valuable given the wealth of detailed studies that they can be subject to. Indeed, some of the most analysed and characterised giant TEPs are three planets (TrES-2b, HAT-P-7b and HAT-P-11b) that were detected by ground-based surveys (Pál et al. 2008; Bakos et al. 2010; O'Donovan et al. 2006) and later observed by NASA's Kepler mission (Borucki et al. 2010) . Even though the primary goal of Kepler satellite was the detection of planets near the habitable zone for estimating their frequency and distribution in our galaxy, the high photometric precision of Kepler allowed very detailed studies of the small population of giant planets on close orbits around moderately bright stars (V < 14) that fell in its field of view.
Kepler was able to detect secondary transits and phase variations on TrES-2b and HAT-P-7b (Esteves et al. 2013) which were useful in the study of their atmospherical properties, such as the determination of the geometric albedos and planetary phase curve offsets. Doppler beaming and ellipsoidal variations measured with Kepler also constrained the mass of those planets. In the case of HAT-P-11b, Kepler observations were useful in characterizing the activity of the K-type host star; and the analysis of crossing stellar spots allowed the determination of the spin-orbit misalignment of this system (Deming et al. 2011; Sanchis-Ojeda & Winn 2011) . Simultaneous observations of the transits of HAT-P-11b by Kepler and Spitzer allowed also the detection of water vapour in the atmosphere of this Neptune-size planet (Fraine et al. 2014) . Estimation of the planetary physical parameters depend strongly on the estimated stellar properties. In this regard, Kepler was also able to measure model independent stellar properties by the use of astereosismology on the three mentioned systems (Christensen-Dalsgaard et al. 2010) .
After the failure of two of its reaction wheels, the Kepler satellite is still working, but with decreased photometric precision and a new observation strategy. This new mission concept, called K2 (Howell et al. 2014) , will observe 10 fields, each for a period of approximately 70 days, and some of these fields lie in the Southern hemisphere. One of the limitations of K2 is that the number of stars that can be monitored in each field is substantially lower than for the original Kepler mission. For this reason, the pre-selection of targets, based on ground-based observations of K2 fields is especially important for an efficient use of the satellite.
In this work we present the discovery of HATS-9b and HATS-10b, two hot Jupiters discovered by the HATSouth survey which are located in the nominal coordinates of Field 7 of K2 mission. In Section 2 we summarise the observations that allowed the discovery and confirmation of these planets. In Section 3 we show the global analysis of the spectroscopic and photometric data that confirmed the planetary nature of the transiting candidates and also rejected blend scenarios that can mimic the photometric and radial velocity signals. Our findings are discussed in Section 4.
OBSERVATIONS
2.1. Photometric detection HATS-9 and HATS-10 were identified as transiting planetary host candidates after obtaining ∼10000 images of the same field with three stations on the three HATSouth observing sites. Coordinates and other identifiers of HATS-9 and HATS-10 are given in Table 4 . The number of photometric observations that were taken for each star on each of the HATSouth stations is indicated in Table 1, where it can be seen that in both cases ∼45% of the observations came from the HATSouth station located at Las Campanas Observatory (LCO).
The HATSouth observations consist of four-minute Sloan r-band exposures obtained with 24 Takahashi E180 astrographs (18cm aperture) coupled to Apogee 4Kx4K U16M ALTA CCDs. Detailed descriptions of the image processing steps and the candidate identification procedures of HATSouth data can be found in Bakos et al. (2013) and Penev et al. (2013) . Briefly, after applying aperture photometry on the images, the light curves generated are detrended using external parameter decorrelation (EPD) and trend filtering algorithm (TFA Kovács et al. 2005) . Periodic transits on the detrended light curves are then searched using Box-fitted Least Squares (BLS) algorithm (Kovács et al. 2002) . Figure 1 shows the phase-folded detection light curves of HATS-9b and HATS-10b, where a clear ∼10 mmag flat-bottom transit can be observed in both cases.
Spectroscopic Observations
Transit-like light curves can be produced by different configurations of stellar binaries. Spectroscopic observations are required to reject false positives and to obtain the orbital parameters and masses of the true planets. Due to the great number of HATSouth candidates and the limited available observing time on spectroscopic facilities, this follow-up is performed in a two-step procedure as we now describe. All spectroscopic observations are summarized in Table 2 .
First, initial spectra are acquired (with either low resolution, or low S/N) to make a rough estimation of the stellar parameters, identifying spectra composed of more than one star, and measuring RV variations produced by stellar mass companions. HATS-9 was observed with WIFeS (Dopita et al. 2007 ) on the ANU 2.3m telescope, obtaining T eff =5821 ± 300 K, log g =3.9 ± 0.3 [Fe/H]=0.5 ± 0.5; and with ARCES on the APO 3.5m obtaining T eff =5692 ± 50 K, log g =4.14 ± 0.1 [Fe/H]=0.5 ± 0.08. Both estimates of stellar parameters were consistent with a G-type dwarf, but the sub-solar surface gravity value points towards a slightly evolved system. Details on the observing strategy, reduction methods and the processing of the spectra for WIFeS can be found in Bayliss et al. (2013) . The ARCES observation was carried out using the 1. 6×3. 2 slit yielding an echelle spectrum with 107 orders covering the wavelength range 3200-10000Å at a resolution of ∆λ/λ ∼ 31500. A single ThAr lamp spectrum was obtained immediately following the science exposure with the telescope still pointed toward HATS-9. The science observation was reduced to a wavelength-calibrated spectrum using the standard IRAF echelle package 1 , and analyzed using the Spectral Parameter Classification (SPC) program (Buchhave et al. 2012 ) to determine the radial velocity and stellar atmospheric parameters.
Reconnaissance spectroscopy was performed for HATS-10 using the echelle spectrograph mounted on the du Pont 2.5m telescope at Las Campanas Observatory. One observation using the 1. × 4. slit (∆λ/λ ∼ 40000) was enough to confirm that HATS-10 has a single lined spectrum with the following stellar parameters: T eff =6100 ± 100 K, log g =4.6 ± 0.5 [Fe/H]=0.0 ± 0.5, a For HATSouth data we list the HATSouth unit and field name from which the observations are taken. HS-1 and -2 are located at Las Campanas Observatory in Chile, HS-3 and -4 are located at the H.E.S.S. site in Namibia, and HS-5 and -6 are located at Siding Spring Observatory in Australia. Each field corresponds to one of 838 fixed pointings used to cover the full 4π celestial sphere. All data from a given HATSouth field are reduced together, while detrending through External Parameter Decorrelation (EPD) is done independently for each unique field+unit combination. b The median time between consecutive images rounded to the nearest second. Due to weather, the day-night cycle, guiding and focus corrections, and other factors, the cadence is only approximately uniform over short timescales. c The RMS of the residuals from the best-fit model.
v sin i=5.0 ± 2.0 km/s. This spectrum was reduced and analysed with an automated pipeline developed to deal with data coming from a host of different echelle spectrographs (Brahm et al. in prep.) . The pipeline for DuPont is very similar to the ones we have previously detailed for Coralie and FEROS data in Jordán et al. (2014) . Once both candidates were identified as single-lined late-type dwarfs, spectra from high precision instruments were required to measure RV variations with high precision (< 30 m/s) in order to measure the mass of the substellar companions and obtain the orbital parameters. HATS-9 and HATS-10 were observed several times with Coralie (Queloz et al. 2001 ) on the 1.2m Euler telescope, FEROS (Kaufer & Pasquini 1998) on the 2.2m MPG telescope, and HDS on the 8m Subaru telescope (Noguchi et al. 2002) . Coralie and FEROS data were processed with the pipeline described in Jordán et al. (2014) , where RV values are obtained using the cross correlation technique against a binary mask and bisector span (BS) measurements are computed from the cross-correlation peak following Queloz et al. (2001) . HDS RVs were measured using the procedure detailed in Sato et al. (2002 Sato et al. ( , 2012 which are in turn based on the method of Butler et al. (1996) while BS values were obtained following Bakos et al. (2007) .
Phased high-precision RV and BS measurements are shown for each system in Figure 2 and the data are listed in Table 6 . Both candidates show RV variations in phase with photometric ephemeris, however for HATS-10 the residuals are higher than expected. This deviation can be partly explained by moonlight contamination in 5 spectra acquired with Coralie in August 2013 which are marked with crosses in Figure 2 . There are no significant correlations between RV and BS variations and thus we conclude the RV variations are not produced by stellar activity. The 95% confidence interval for the Pearson correlation coefficient between RV and BS was computed for both candidates using a bootstrap procedure. The confidence intervals are [-0.57,0 .07] and [-0.43, 0.37] for HATS-9 and HATS-10, respectively. The individual FEROS spectra were median combined for both candidates to perform a precise estimation of the stellar parameters.
Photometric follow-up observations
In order to confirm the occurrence of the transits and to better constrain the orbital and physical parameters of the companions, higher precision light curves for both candidates were acquired using several telescopes around the globe. Table 1 summarizes the key aspects of this photometric follow-up, including the dates of the observations, the cadence and the filter.
Two partial transits of HATS-9 were detected using the 0.3m Perth Exoplanet Survey Telecope (PEST) and the Spectral camera on the 2m Faulkes Telescope South (FTS), part of Las Cumbres Observatory Global Telescope (LCOGT). Results of these observations are presented in Table 3 and shown in Figure 3 . Two partial transits of HATS-10 were observed with FTS and the CTIO 0.9m telescope. Another two full transits were measured with PEST and the GROND instrument on the MPG 2.2 m. These HATS-10 light curves are shown in Figure 4 . All the facilities used for high precision photometric follow-up have been previously used by HATSouth; the instrument specifications, observation strategies and reduction procedures adopted can be found in Bayliss et al. (2013) , Zhou et al. (2014b) , Hartman et al. (2014) and Mohler-Fischer et al. (2013) for FTS, PEST, CTIO 0.9m, and GROND, respectively. a S/N per resolution element near 5180Å. b For Coralie and FEROS this is the systemic RV from fitting an orbit to the observations in Section 3.3. For ARCES and the du Pont Echelle it is the measured RV of the single observation. We do not provide this quantity for instruments for which only relative RVs are measured, or for WiFeS which was only used to measure stellar atmospheric parameters. c For High-precision RV observations included in the orbit determination this is the RV residuals from the best-fit orbit, for other instruments used for reconnaissance spectroscopy this is an estimate of the precision. In each case we show three panels. The top panel shows the phased measurements together with our best-fit model (see Table 5 ) for each system. Zero-phase corresponds to the time of mid-transit. The center-of-mass velocity has been subtracted. The second panel shows the velocity O − C residuals from the best fit. The error bars include the jitter terms listed in Table 5 added in quadrature to the formal errors for each instrument. The third panel shows the bisector spans (BS), with the mean value subtracted. Note the different vertical scales of the panels. RV measurements highly contaminated with moonlight are marked with crosses. 3. ANALYSIS 3.1. Properties of the parent star We determine precise stellar parameters for HATS-9 and HATS-10 using a new code called ZASPE (Zonal Atmospherical Stellar Parameter Estimator) on median combined FEROS spectra. The detailed structure and performance of ZASPE will be presented elsewhere (Brahm et al. in preparation) , but in summary ZASPE is a Python-based code that computes the χ 2 between the observed spectra and the PHOENIX grid of synthetic spectra (Husser et al. 2013 ) only on the most sensitive spectral zones to each stellar parameter. The optimal set of stellar parameters (T eff ,log g , [Fe/H] and v sin i) is found iteratively and the sensitive zones are determined in each iteration. One of the most novel features of ZA-SPE is that the errors on the stellar parameters are computed from the data itself and include the systematic mismatches between the observations and the best fitted model. We have validated the results of ZASPE against a set of stars with interferometrically determined stellar parameters (Boyajian et al. 2012 ) and which have publicly available FEROS spectra. Results of this comparison are shown in Figure 5 . The resulting parameters for HATS-9 are: T eff =5363 ± 90 K, log g =3.97 ± 0.2, [Fe/H]=0.33 ± 0.09, v sin i=4.67 ± 0.5 km/s; while for HATS-10 we get:
These sets of stellar parameters were refined using the information contained in the transit light-curves. The stellar mean density (ρ ) can be computed directly from one of the light-curve model parameters (a/R ) and the period and eccentricity of the orbit by using Kepler's third law with only a slight dependence on the stellar parameters through the limb-darkening coefficients (Sozzetti et al. 2007 ). The spectroscopically determined T eff and [Fe/H] were coupled with ρ and Yonsei-Yale stellar evolution models (Y2; Yi et al. 2001) to determine the stellar physical parameters (R , M and the age of the star), which were used to compute a new and more precise estimation of log g for HATS-9 (log g =4.12 ± 0.04) and HATS-10 (log g =4.38 ± 0.03). A new set of T eff , [Fe/H], v sin i was determined using ZASPE with log g fixed to the precise values obtained by modelling the light curves, followed by a new estimation of ρ and a new modelling of stellar isochrones. The new set of stellar parameters fixing log g , which are the ones we adopted for further analysis, were consistent with the initial values quoted in the previous paragraph and are listed in Table 4 , where distances are determined by comparing the measured broad-band photometry listed in that table to the predicted magnitudes in each filter from the isochrones. We assume a R V = 3.1 extinction law from Cardelli et al. (1989) to determine the extinction. The 1σ and 2σ confidence ellipsoids in T eff and ρ are plotted in Figure 6 for both planet hosts, along with the Y2 isochrones for the ZASPE determined [Fe/H]. We find that HATS-9 is a 1.030 ± 0.039 M , 1.503
−0.043 R , quite evolved (10.8 ± 1.5 Gyr) star, while HATS-10 is a 1.101 ± 0.054 M , 1.105
−0.040 R main-sequence star. To test the age estimation for HATS-9 we analyzed our available follow-up spectra in order to attempt the measurement of Lithium absorption at 6707.8Å. The HDS/Subaru data were not useful in this regard because this absorption line lies outside the spectral coverage of the spectrograph. FEROS spectra were also not useful because the spectral region around the Lithium line is highly contaminated with light of a saturated ThAr line coming from an adjacent comparison echelle order. The Coralie data have a clean spectral section including the lithium absorption line, but the low signal-to-noise of the 4 combined spectra allows us to conclude only that there is no strong Lithium absorption in the spectrum of HATS-9.
Excluding blend scenarios
In order to exclude blend scenarios we carried out a blend analysis of the observations following Hartman et al. (2012) . For HATS-9 we find that scenarios involving blends between a stellar eclipsing binary and a foreground or background star can be ruled out with greater than 5σ confidence based on the photometric data alone. The primary constraint in this case is the lack of out-of-transit variations seen in the HATSouth light curve. Due to the short orbital period, the bestfit blend model which reproduces the shape of the transit has a ∼ 1 mmag amplitude ellipsoidal variation, and a ∼ 0.5 mmag deep secondary eclipse, neither of which are detected in the HATSouth observations. Moreover the Subaru/HDS observations of HATS-9 show no significant bisector span variation (the RMS scatter of the BS measurements is 12 m s −1 ) providing further evidence that the system is not a blended eclipsing binary. For HATS-10 the photometric observations can be fit by a G+M star eclipsing binary blended with another G star that is slightly brighter than the primary in the eclipsing system. Based on the difference in χ 2 , this model is indistinguishable from a single G star with a transiting planet. We simulated spectra for blend models that could plausibly fit the photometric observations, finding that it all cases the blended systems would have easily been detected as having composite spectra. They also would produce RV and BS variations of several km s −1 , whereas the observed RV variation is 67 ± 10 m s −1 , and the Subaru/HDS BS scatter is only 18 m s −1 . We conclude that neither HATS-9 nor HATS-10 is a blended eclipsing binary system. As is often the case, however, we are not able to rule out the possibility that either transiting planet system has a fainter stellar-mass companion. For both systems a stellar companion of any mass, up to the mass of the planet-hosting star, is possible. If a massive stellar companion is present in a given system, the true planet radius would be up to ∼ 60% larger than inferred here. The planet mass would also be larger. High resolution adaptive optics imaging, and/or long-term RV observations are needed to determine whether either system has a stellar companion (e.g. Adams et al. 2013 ).
Global modeling of the data
We modeled the HATSouth photometry, the followup photometry, and the high-precision RV measurements following Pál et al. (2008) ; Bakos et al. (2010) ; Hartman et al. (2012) . We fit Mandel & Agol (2002) transit models to the light curves, allowing for a dilution of the HATSouth transit depth as a result of blending from neighboring stars and over-correction by the trend- c The out-of-transit level has been subtracted. For observations made with the HATSouth instruments (identified by "HS" in the "Instrument" column) these magnitudes have been corrected for trends using the EPD and TFA procedures applied prior to fitting the transit model. This procedure may lead to an artificial dilution in the transit depths. For HATS-9 our fit is consistent with no dilution, for HATS-10 the HATSouth transit depth is ∼ 93% that of the true depth. For observations made with follow-up instruments (anything other than "HS" in the "Instrument" column), the magnitudes have been corrected for a quadratic trend in time fit simultaneously with the transit. filtering method. For the follow-up light curves we include a quadratic trend in time in our model for each 496 ± 24 YY+ρ +ZASPE a ZASPE = **** routine for the analysis of high-resolution spectra (***cite***), applied to the FEROS spectra of HATS-9 and HATS-10. These parameters rely primarily on ZASPE, but have a small dependence also on the iterative analysis incorporating the isochrone search and global modeling of the data, as described in b Computed following Valenti & Fischer (2005) . c Husser et al. (2013) . d From APASS DR6 for HATS-9, HATS-10 as listed in the UCAC 4 catalog (Zacharias et al. 2012) .. e YY+ρ +ZASPE = Based on the YY isochrones (Yi et al. 2001 ), ρ as a luminosity indicator, and the ZASPE results. f In the case of ρ the parameter is primarily determined from the global fit to the light curves and RV data. The value shown here also has a slight dependence on the stellar models and ZASPE parameters due to restricting the posterior distribution to combinations of ρ +T eff +[Fe/H] that match to a YY stellar model. event to correct for systematic errors in the photometry. We fit Keplerian orbits to the RV curves allowing the zero-point for each instrument to vary independently in the fit, and allowing for RV jitter which we we also vary as a free parameter for each instrument. We used a Differential Evolution Markov Chain Monte Carlo procedure (ter Braak 2006; Eastman et al. 2013) to explore the fitness landscape and to determine the posterior distribution of the parameters.
The resulting parameters for each system are listed in Table 5 . HATS-9b has a radius of 1.065 ± 0.098 R J and a mass of 0.837 ± 0.029 M J , while HATS-10b has a radius of 0.969 
DISCUSSION
We have presented the discovery of two new transiting planets which are shown on mass-radius and equilibrium temperature versus radius diagrams in Figure 7 . From the mass-radius diagram, HATS-9b and HATS-10b can be classified as typical non-inflated hot Jupiters. HATS9b is slightly less massive than Jupiter (0.84 M J ), has almost the same radius. Its orbital period of P = 1.9 days is rather short compared to the period distribution of known hot Jupiters. HATS-10b has a mass in the range between Saturn and Jupiter (0.53 M J ), a radius consistent with that of Jupiter and a period of P = 3.3 days, which is close to the mean period of known hot Jupiters.
The equilibrium temperature versus radius diagram shows that both planets tend to depart from the known (Bakos et al. 2010) . c Values for a quadratic law, adopted from the tabulations by Claret (2004) according to the spectroscopic (ZASPE) parameters listed in Table 4 . d As discussed in Section 3.3 the adopted parameters for all four systems are determined assuming circular orbits. We also list the 95% confidence upper limit on the eccentricity determined when √ e cos ω and √ e sin ω are allowed to vary in the fit.
e Term added in quadrature to the formal RV uncertainties for each instrument. This is treated as a free parameter in the fitting routine. correlation between the planet radius and its degree of irradiation. This correlation, first proposed in Guillot (2005) , indicates that the inflated radius of some hot Jupiters can be at least partially explained by the enhanced insolation from their parent star. HATS9b has a moderately high equilibrium temperature (T eq =1823 +52 −35 K) due to the small star-planet separation coupled to the large stellar radius, while HATS-10b has a more typical equilibrium temperature for a hot Jupiter (T eq =1407 ± 39K). According to the empirical relations proposed in Enoch et al. (2012) , which give the radius of a giant planet from its equilibrium temperature and semi-major axis, HATS-9b and HATS-10b should have radii of 1.36R J and 1.22R J , respectively. The observed radii are 3σ and 5σ below these values, which indicates that these planets are very compact given their irradiation levels and that thus additional variables must be responsible of setting the radii of short period giant planets.
One possible explanation is that HATS-9b and HATS10b may have significant amounts of heavy elements in their cores. According to the interior models of Fortney et al. (2007) , both planets will require a core mass of ∼60 M ⊕ to explain their radii based on their masses, stellar host masses and orbital periods for an age of 4.5 Gyr. This explanation can be further motivated by the relatively high metallicity of their parent stars (0.340 ± 0.050 dex and 0.15 ± 0.10 dex, respectively). Several works (Guillot et al. 2006; Enoch et al. 2011 Enoch et al. , 2012 have proposed a correlation between the inferred core mass of giant planets and the metallicity of the parent star. The principal idea behind the proposed correlation is that a more metal rich proto-planetary disk will be more efficient in creating massive cores following the core-accretion scenario of planetary formation. Even though this process is expected to occur in the formation and migration steps, the final relation between the stellar metallicity and the radius of giant planets is not at all clear and other phenomena can act in the opposite direction. As shown by Burrows et al. (2007) , the presence of heavy elements in the atmosphere of giant planets will increase its opacity, slowing the contraction and making the planetary radius more inflated than expected. Moreover, the validity of the proposed correlation has been put into question by the analysis Zhou et al. (2014a) who find no significant correlation between R p and [Fe/H] for the complete sample of detected giant TEPs.
The age of the system may be another important variable, since the radius of giant planets should undergo Kelvin-Helmholtz contraction as they age, controlled by their upper radiative atmosphere (Hubbard 1977) . Figure 8 shows the mass-radius diagram of transiting hot Jupiters having similar insolation levels to HATS-9b (1750K < T eq < 1900K). If we do not consider HATS9b, there is a strong anti-correlation between the masses of hot Jupiters and their radii for high insolation levels. With a Pearson correlation coefficient of −0.65 and a 95% confidence interval of [-0.81,-0.37] ,this behaviour suggest that the bloating of the atmosphere of strongly irradiated planets is prevented for more massive hot Jupiters. HATS-9b is off this correlation and the advanced age inferred for the host star of this planet (∼11 Gyr), especially contrasted with that of the rest of the sample in the Figure (<5 Gyr), arises as a possible explanation. Among the complete sample of well characterised hot Jupiters, HATS-9b and CoRoT-17 b (10.7 ± 1.0 Gyr) are the oldest systems known to have an age uncertainty better than 20%. Figure 9 shows the radius as function of age for hot Jupiters with 0.5M J < M p <2M J and orbital period P < 10 days having age uncertainties smaller than 40%. Systems older than 3 Gyr exhibit the expected contraction of the envelope through time but most of them are systematically more inflated than expected from theoretical models of structure and evolution. By fitting a straight line through these points we obtain an empirical contraction function for hot Jupiters: R p = 1.45 − 0.03t, where t is the age of the system in Gyr. The difference between the theoretical function and the empirical relation decreases with the age of the system and for the case of HATS-9b both functions are consistent with the observed values.
A possible confusing factor in Figures 7, 8 and 9 is the assumption of zero albedo and complete heat redistribution. The measurement of secondary transits on these systems in different wavelengths will be informative for explaining the departure of HATS-9b from the correlation. A more precise determination of the radius of HATS-9b is also required. The somewhat larger uncertainty in the radius is a result of the incomplete photometric follow-up for this system. The errors in the planet radius are governed at this point by the light-curve data, but future precise measurements of the transit of HATS9b will be able to lower this uncertainty until it becomes dominated by the uncertainties on the stellar parameters.
Future precise RV measurements of HATS-10b are required to determine a more precise mass of the planet and to explain the high jitter measured with FEROS and Coralie with respect to Subaru/HDS. One possible explanation may be the presence of another planetary companion. Subaru/HDS observations, which don't seem to show enhanced jitter, were performed in three continuous days, while Coralie and FEROS observations were separated by months and in this case the influence of a second more distant companion should be stronger.
K2 possibilities
Even thought HATS-9b and HATS-10b are located in the nominal coordinates of field 7 of K2, only HATS-9b falls on working silicon. A proposal to observe this star in short cadence was recently submitted. The high photometric precision of K2 will allow us to estimate a much more precise radius for HATS-9b, which will help us in determining if this planet is a true outlier in the correlation between planet radius, equilibrium temperature and planet mass. The high insolation of this planet makes it a very good target for measuring secondary transits and phase curve variations with K2, which will allow us to estimate the albedo and provide a more reliable estimate of its equilibrium temperature. Figure 10 Figure 9 . Radius as function of the age of the system for hot Jupiters having 0.5M J < Mp < 2M J , P<10 days and an age estimation with a precision better than 40%. Green lines are the theoretical models of Fortney et al. (2007) for Mp = 1M J , a = 0.02AU and a core mass of 0 (dashed) and 50 (solid) times the mass of the earth. The red line is an empirical relation computed with these data points. HATS-9b is marked with a triangle. Hot Jupiters older than 3 Gyr follow the contraction of their radius over time but the observed contraction rate is steeper than the one predicted from the theoretical models. The theoretical radii for Hot Jupiters with ages greater than 10 Gyr (like HATS-9b) is consistent with the observations. Note. -Note that for the iodine-free template exposures we do not measure the RV but do measure the BS and S index. Such template exposures can be distinguished by the missing RV value. The Subaru/HDS observations of HATS-10 without BS measurements have too low S/N in the I2-free blue spectral region to pass our quality threshold for calculating accurate BS values. a The zero-point of these velocities is arbitrary. An overall offset γ rel fitted independently to the velocities from each instrument has been subtracted. b Internal errors excluding the component of astrophysical jitter considered in Section 3.3.
b Coralie observations acquired in August 2013 were contaminated with moonlight.
